OBJECTIVE:
To identify maternal deaths due to sepsis in the state of Michigan, review the events leading to diagnosis, and evaluate treatment to identify areas for improvement.
METHODS: A case series was collected for maternal deaths due to sepsis from a cohort of maternal deaths in the state of Michigan. The study period was [1999] [2000] [2001] [2002] [2003] [2004] [2005] [2006] and included deaths during pregnancy and up to 42 days postpartum. Cases were identified using Maternal Mortality Surveillance records from the Michigan Department of Community Health. Each case was reviewed by all authors.
RESULTS:
Maternal sepsis was the cause of death in 15% (22/151) of pregnancy-related deaths. Of 22 deaths, 13 women presented to the hospital with sepsis, two developed sepsis during hospitalization, and seven developed sepsis at home without admission to the hospital for care. Review of available hospital records (n515) revealed delays in initial appropriate antibiotic treatment occurred in 73% (11/15) of patients. Delay in escalation of care also occurred and was identified in 53% (8/15) of patients.
CONCLUSION: Common elements in these deaths illustrate three key delays that may have contributed to the deaths: in recognition of sepsis, in administration of appropriate antibiotics, and in escalation of care. 
LEVEL OF EVIDENCE: III

S
epsis remains an important cause of maternal mortality. Deaths due to maternal sepsis increased in the United States from 1998 to 2008. 1 The Mothers and Babies: Reducing Risk through Audits and Confidential Enquiries across the UK report for 2009-2012 indicated almost 25% of all maternal deaths were the result of sepsis. 2 The diagnosis of sepsis requires a source of infection and that the criteria for the systemic inflammatory response syndrome be met. 3 The diagnosis of sepsis in pregnancy is challenging because many healthy pregnant women will manifest some component of the systemic inflammatory response syndrome criteria (except temperature) in the absence of infection. 4 Little is known about pregnant and postpartum women who died of maternal sepsis in the United States. Although maternal deaths due to sepsis are rare, they are potentially preventable with early recognition and treatment: mortality in severe sepsis and septic shock has been found to increase 7.6% for each hour delay in appropriate antibiotic treatment.
MATERIALS AND METHODS
The institutional review board for the Michigan Department of Community Health approved this study. The institutional review boards of William Beaumont Health System and the University of Michigan Health System declared this study not regulated because all participants are deceased.
In this case series from a cohort of maternal deaths, all maternal deaths reported in the state of Michigan in 1999-2006 during pregnancy and up to 1 year postpartum were identified with Maternal Mortality Surveillance records from the Michigan Department of Community Health. This study period was chosen based on availability of records from the Michigan Department of Community Health. The definition of maternal death due to sepsis during pregnancy and up to 42 days postpartum was the presence of any of the following: 1) sepsis listed on the death certificate as the cause of death, 2) determination that sepsis was the cause of death by consensus of the Maternal Mortality Medical Surveillance Committee, or 3) identification of a specific source of infection leading to organ failure, consistent with the accepted definition of severe sepsis by the American College of Chest Physicians and Society of Critical Care Medicine.
3 "Maternal sepsis contributing deaths" were defined as deaths from another cause, but with sepsis as a contributing factor. After identification, data were collected by an obstetric anesthesiologist (M.E.B.) and double checked by an obstetrician (F.W.J.A.). Data collected for each chart included demographic information, details of presentation on admission, unresolved issues from delivery hospitalization if applicable, antibiotic selection throughout hospitalization, culture results, vital signs at presentation, vital signs at time of escalation of care, laboratory results, case narrative, contributing causes leading to death, cause(s) of death, and findings from the Michigan Maternal Mortality Surveillance review process. All cases were reviewed by all authors and disagreements were resolved by discussion. Deidentified record summaries were provided to an infectious disease specialist (K.R.) for determination of whether initial and eventual antibiotic choices were appropriate based on the clinical scenario and recommended guidelines the year the case occurred. For example, ampicillin-sulbactam was an appropriate choice for an intraabdominal process in the early 2000s; however, with the emergence of resistance among organisms, especially Escherichia coli, it is currently not recommended. 6 Delay of care was defined as 1) not providing timely appropriate antibiotics (within 1 hour of evidence of sepsis) or 2) failure to escalate care to an intensive care unit or tertiary care center after it appeared by chart review that the patient was critically ill based on meeting objective parameters for admission to an intensive care unit as defined by the American College of Obstetricians and Gynecologists' (the College) Practice Bulletin on critical care in pregnancy. 7 Michigan Maternal Mortality Surveillance identifies maternal deaths in the following manner: voluntary reporting of maternal deaths (since inception in 1950), screening death certificates for causes of death specific to pregnancy (starting in 1950), matching death certificates of women of reproductive age (10-45 years old) with live birth certificates (1990-present) and fetal death certificates (2004-present) of the current year and previous year, and checking a box on the death certificate indicating the patient was either pregnant or pregnant within 1 year at the time of death (2004-present). 8 The new changes in 2004 brought an increase in reporting of maternal deaths. The Michigan Department of Community Health uses the College-Centers for Disease Control and Prevention definitions to classify maternal deaths. Pregnancy-associated deaths are defined as the death of a woman while pregnant or within 1 year of pregnancy, irrespective of cause. Pregnancy-related deaths are defined as the death of a woman while pregnant or within 1 year of termination of pregnancy, irrespective of the duration and site of the pregnancy, from any cause related to or aggravated by her pregnancy or its management, but not from accidental or incidental causes. 9 Every pregnancy-associated death in the state of Michigan is reviewed by an expert review committee, and a final cause of death and a determination about pregnancy relatedness are made for each case.
All results were reported as proportions. If data for a particular element were missing, it was reported as indeterminate when evaluating a clinical situation and was excluded from the numerator and denominator for categorical data.
RESULTS
From 1999 to 2006 there were 1,047,857 live births in the state of Michigan and 558 pregnancy-associated deaths (53.3 deaths/100,000 live births). Of these, 151 (14.4 deaths/100,000 live births) were pregnancyrelated deaths. 10 (In e-mail personal communication to Sarah Lyon-Callo, MA, MS, from the Michigan Department of Community Health on June 11, 2015, the previously unpublished maternal mortality ratios for 2005 and 2006 were confirmed.) Maternal sepsis was the cause of death in 4% (22/558) of pregnancy-associated deaths reviewed during the time period and 15% (22/151) of all pregnancy-related deaths. Sepsis contributing deaths comprised another 1% (8/558) of pregnancy-associated deaths for a total of 5% (30/558) of pregnancy-associated deaths and 20% (30/151) pregnancy-related deaths. No cases were excluded as a result of differences in interpretation. The rate of maternal deaths due to sepsis was 2.1 per 100,000 live births, and the rate of maternal death due to sepsis and sepsis-contributing deaths was 2.9 per 100,000 live births. There was an increase in maternal deaths due to sepsis at home starting in 2004, with the addition of the pregnancy check box on the death certificate.
The mean maternal age of the 22 patients who died from sepsis was 27 years (range 13-40 years) ( Table 1 ). The clinical details of each case are presented in the Appendix (available online at http://links.lww. com/AOG/A684).
Of the women presenting to the hospital with sepsis in Table 2 , 75% (9/12) demonstrated one or more of the following vital sign derangements at presentation: heart rate higher than 120 beats per minute, respiratory rate higher than 30 breaths per minute, systolic blood pressure lower than 90 mm Hg, and SpO 2 less than 95% on room air (Maternal Early Warning Criteria). 11 Only 18% (2/11) of septic women were febrile on presentation and 25% (3/12) never developed a fever during hospitalization. The clinical details of each case are presented in the Appendix (http://links.lww.com/AOG/A684).
Delays of care were found in the majority of patients. Initial antibiotics with inadequate coverage based on the clinical situation were identified in 11 of 15 (73%) patients who received hospital care for sepsis; in 2 of 15 (13%) patients whether appropriate antibiotics were used was indeterminate. Only 2 of 15 (13%) patients received appropriate initial antibiotics. Once infectious disease consultation or critical care consultation was obtained and antibiotics were changed, in 67% (10/15) subsequent antibiotic care was appropriate for the clinical situation, 20% (3/15) of women did not live long enough for subsequent therapy, and in 13% (2/15) of patients the appropriateness of therapy could not be determined. Of patients who presented to the hospital for care, delay of escalation of care was found in 53% (8/15), no delay was found in 33% (5/15), and whether timing was delayed could not be determined in 13% (2/ 15). Seven patients died at home or were dead on arrival, and it could not be determined whether they sought medical care before death. The most common BMI, body mass index; bpm, beats per minute. Data are n/N (%). * Maternal Early Warning Criteria are the following: systolic blood pressure lower than 90 or higher than 160 mm Hg, diastolic blood pressure higher than 100 mm Hg, heart rate lower than 50 or higher than 120 bpm, respiratory rate lower than 10 or higher than 30 breaths per minute, oxygen saturation on room air, at sea level, less than 95%, oliguria less than 35 mL per hour for 2 hours or longer, maternal agitation, confusion, or unresponsiveness; patient with preeclampsia reporting a nonremitting headache or shortness of breath.
11 † Denominators differ based on missing data.
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organism was Streptococcus pyogenes in 29% (4/14) of women with an identified organism.
DISCUSSION
Common elements in the maternal deaths due to sepsis illustrate three key delays that may have contributed to the deaths: in recognition of sepsis, in administration of appropriate antibiotics, and in escalation of care. The majority of women who died of maternal sepsis were afebrile on presentation and did not develop a fever for hours or days; 25% (3/12) did not develop a fever at all. Although a temperature of lower than 36°C or higher than 38°C is one of the criteria for systemic inflammatory response syndrome, it is not required for the diagnosis of sepsis. Sepsis should be considered in critically ill women regardless of temperature. Although Maternal Early Warning Criteria was not a recommendation at the time period for which the data were collected, it is reassuring that 75% of women had one or more criteria for Maternal Early Warning Criteria on presentation and would have triggered the system had it been in place. The National Partnership for Maternal Safety recommends that all women who meet any of the Maternal Early Warning Criteria receive prompt bedside evaluation by a physician or other clinician with the ability to activate resources to initiate emergency diagnostic and therapeutic interventions as needed. Maternal Early Warning Criteria screens for multiple types of possible maternal morbidity through a simple bedside assessment.
11
Delay in diagnosis may have been the result of incomplete data available for decision-making. Many records demonstrated incomplete assessments. Pulse oximetry was the most common missing assessment. The majority of women with a pulse oximetry reading documented at admission would have triggered Maternal Early Warning Criteria. Record reviews suggest that respiratory rate measurements may have been inaccurate. Of 11 women with respiratory rate recorded, eight had measurements of 18, 20, or 24 breaths per minute. On review, the pH and lactate levels taken shortly after decompensation and respiratory rate documentation depicted a state of metabolic acidosis so severe that a normal respiratory rate would not likely have been possible. Although respiratory rate is poorly documented in clinical settings, it has been shown to correlate with severity of sepsis in the general population. 12 For cases with sufficient records for a determination, the majority were found to have delays in care. Mothers and Babies: Reducing Risk through Audits and Confidential Enquiries across the UK recommends early consultation with an infectious disease specialist in cases of maternal sepsis.
2 Each hour delay of appropriate antibiotics in patients with severe sepsis or septic shock is associated with an increase in mortality of 7.6%. 5 For treatment of postpartum Unauthorized reproduction of this article is prohibited.
endometritis, a combination of clindamycin and gentamicin with the addition of ampicillin in refractory cases is recommended by the College and is the most common regimen used. 13 A recent meta-analysis showed more treatment failures occurred with the use of a penicillin and gentamicin compared with gentamicin and clindamycin.
14 Clindamycin was underused in this population and was not given to any patient who died of Group A Streptococcal infection. Clindamycin, a protein synthesis inhibitor shown to inhibit toxin production, is beneficial because the efficacy is not decreased by the stage of growth and has been shown to decrease mortality in Group A Streptococcal infection. [15] [16] [17] Although our study highlights delay of appropriate antibiotics during 1999-2006, we were unable to determine whether there was improvement in the timing and antibiotic selection after the publication of Surviving Sepsis Campaign Guidelines over time. 18 However, in this case series, antibiotic selection was not improved in 2004, 2005, or 2006 after publication of the first set of guidelines. It is unlikely that more current data would have shown changes in clinical management; delay in recognition led to delay in treatment for the majority of patients.
The limitations of this study include that it is a case series of women rather than a study including women in a control group. Although our cases are limited to 22 women who died of sepsis, given the rarity of maternal deaths due to sepsis, this study represents a large number of maternal deaths due to sepsis in the United States. It is possible that there are cases that may have not been identified during the years of 1999-2006 because the state of Michigan does not have mandatory reporting of maternal deaths. Our records were also limited to the records where the death occurred. Prenatal records, delivery records, and records from transferring hospitals were unavailable in some cases. Owing to inadequate granularity of the data available, we were unable to fully assess whether early goaldirected therapy or Surviving Sepsis Campaign Guidelines were followed to provide more specific areas for improvement. 19, 20 Although maternal deaths due to sepsis are rare, early diagnosis and treatment could potentially make them preventable. Observations from this study lead to the following suggestions: 1) consider maternal sepsis in critically ill women even in the absence of fever; 2) administer early appropriate antibiotic therapy and use consultation (maternal-fetal medicine, infectious disease, critical care) early if there is marked derangement in vital signs or an inadequate response; 3) vital sign derangement should be investigated, closely monitored, and, if severe, should prompt escalation of care; and 4) vital signs should be accurately taken at appropriate intervals consistent with the maternal condition. If further studies reveal a similar rate of maternal deaths at home due to sepsis and postpartum deaths after discharge, there may be a role for improving patient education concerning when to seek medical attention, timing of postpartum visits, and use of home visits.
